Introduction
To reach the global World Health Organization hepatitis C virus (HCV) elimination targets of a relative reduction in new HCV infections by 80% and hepatitis related mortality by 65% until 2030 compared with 2015, 1 special attention has to be drawn to the patient population most affected by hepatitis C, people who actively or had previously injected drugs (PWID). About 10 million PWID worldwide are HCV antibody positive 2 and approximately 70% of new infections in industrialized countries are due to this route of infection. 3 In Germany, of 2 Substance Abuse: Research and Treatment 4798 newly diagnosed with a positive HCV RNA test in 2017, 73% were reported to be infected by intravenous drug use. 4 In modeling studies, testing, linkage to care and a high treatment uptake were identified as key factors on the road to a significant decrease in incidence and prevalence. 5 In their actual treatment guidelines the Association for the Study of Liver Diseases (AASLD) and the Infectious Diseases Society of America (IDSA) 6 as well as the European Association for the Study of the Liver (EASL) 7 pay attention to these facts, define PWID as a key population and give special recommendations for screening and treatment. In clinical studies, opioid substitution therapy (OST) has proved to be a good basis for a treatment with direct acting antiviral (DAA), 8, 9 but even in PWID with recent drug use sustained virological response (SVR) rates were comparable high. 10, 11 Recently, we published real-world data from the Deutsches Hepatitis C-Register (DHC-R) supporting scaling up DAA therapy in PWID. 12 Although SVR in intention-to-treat (ITT) analysis was lower in patients on OST than in those not receiving OST (85% and 91%, respectively), SVR rates in per-protocol (PP) analysis were the same (96% and 95%, respectively). The differences between ITT and PP analysis were driven by a higher lost to follow-up (LTFU) rate in OST. It is known that PWID on OST have a higher prevalence of alcohol 13 and cannabis 14, 15 use, thought to be associated with polysubstance use and psychiatric comorbidity 16, 17 with the potential of negatively influencing the adherence to DAA therapy. As presented in this short report, we examined the influence of alcohol and cannabis consumption on DAA treatment outcome in the same DHC-R patient cohort.
Patients and Methods
The German Hepatitis C-Registry (Deutsches Hepatitis C-Register, DHC-R) is a multicenter non-interventional registry study. The present study is a further analysis of data which were recently published. 12 Data were obtained by 254 centers, thereof 123 centers providing OST and the present analysis includes data through June 30, 2016. DAA treatment with sofosbuvir (SOF) + pegylated interferon + ribavirin (RBV), SOF + RBV, SOF + simeprevir (SMV) ± RBV, SOF + daclatasvir (DCV) ± RBV, SOF/ledipasvir (LDV) ± RBV, ombitasvir (OBV)/paritaprevir (PTV)/ritonavir ± RBV, OBV/PTV/r ± dasabuvir (DSV) ± RBV started between February 1, 2014 and September 30, 2015.
Opioid substitution therapy and comparator population
In Germany, OST treatment is mostly initiated and maintained in specialized private practices and psychiatric ambulances of hospitals. Most HCV treatments are initiated by gastroenterologists and infectious disease specialists who may also treat patients for opioid substitution. OST duration before start of DAA therapy and possible interruptions of OST are not documented in the DHC-R. The OST population comprised patients which are currently on opioid substitution treatment. The comparator population comprised patients which received antiviral therapy only (non-OST population). These patients were further classified by former/current drug abuse and/or HCV transmission via drug abuse (non-OST/ DU) and no signs of former/current drug abuse/HCV transmission other than drugs (non-OST/NDU) as reported by the treating physician.
Assessments and endpoints
Data on alcohol and its amount (</>40 g/day in males or </>30 g/day in females) as well as cannabis consumption (yes/no) were documented at baseline. The effectiveness population (ITT) comprised patients who have completed followup 12 to 24 weeks after end of antiviral treatment (EOT). With respect to the PP analysis, the following patients were excluded from the ITT population: non-compliant patients and patients LTFU. Non-compliance (incomplete or irregular treatment) was evaluated by physicians' point of view. Primary endpoint was the proportion of patients, who achieved SVR12 or SVR24 defined as HCV RNA lower limit of quantification (LLOQ, 25 IU/mL) 70-153 and 154-320 days after EOT, respectively. The proportion of LTFU comprises patients which are lost before and after end of treatment, that is, in the follow-up phase, as documented in the electronic Case Report Form.
Statistics
This analysis includes data through June 30, 2016 and considers all queries answered by 26 July 2016. Summary statistics, frequencies, and proportions were assessed dependent on the scale level of the data. Differences in specific baseline demographic and clinical characteristics between OST and non-OST patients were compared statistically using two-sided hypothesis t-test, Pearson's χ 2 test, Fisher's exact test, or median test depending on the scale level. Differences were considered significant for P-values ⩽.05. Analyses were conducted using SPSS Windows Release 22.0.0.2 (IBM Corporation, New York, USA).
Results
In total, 7747 patients started second-generation DAA therapy before or on September 30, 2015. Of those, 739 patients received both antiviral therapy and OST (9.5%) and 7008 patients received antiviral therapy only (non-OST population). The latter comprised 1500 patients for which former/current drug abuse (non-OST/DU) and 5508 patients with no former/ current drug abuse (non-OST/NDU).
A total of 528 out of 739 patients on OST and 5582 out of 7008 non-OST patients have completed therapy and at least one follow-up documentation 12 to 24 weeks after EOT. Of 3 those, 523 OST and 5561 non-OST patients had data concerning alcohol consumption and 528 OST and 5581 non-OST patients concerning cannabis consumption (ITT population); 460 out of 739 patients on OST and 5296 out of 7008 non-OST (DU and NDU) had complete data sets including alcohol and 462 out of 739 patients on OST and 5315 out of 7008 non-OST (DU and NDU) including cannabis consumption allowing a PP analysis.
Baseline demographics of OST and non-OST (DU and NDU) patient groups stratified by alcohol and cannabis consumption are shown in Tables 1 and 2 
as well as in Supplemental
Tables S1 to S4. Alcohol consumption was reported in 17.9% Overall, the proportion of LTFU was higher in patients with current or former drug use than in patients without drug history and in patients with high alcohol consumption (Figure 1) . In alcohol consuming patients, proportion of LTFU was significantly higher in OST (12/97) compared with non-OST/NDU (16/532) ( Figure 1A ), but occurred mainly (67%) after EOT. In cannabis consuming patients, the proportion of LTFU differed not significantly between the different patient groups ( Figure 1B) .
The overall ITT SVR rate was significantly (P < .05) diminished in OST (85%) and non-OST/DU (86%) compared with non-OST/NDU patients (91%), but not in PP analysis (OST 96%, non-OST/DU 94%, non-OST/NDU 95%). When stratified by alcohol consumption (yes/no) and moderate daily intake of alcohol (⩽40 g/day [men]/⩽30 g/day [women]), non-OST/NDU patients had significantly higher SVR rates than OST patients in ITT (Figure 2A ), but not in PP analysis ( Figure 3A) . With respect to cannabis consumption, ITT SVR rates did not differ between the three patient groups ( Figure 2B) . In PP analysis, SVR rates were between 93% and 96%, irrespective of cannabis consumption ( Figure  3B ). Relapse rates were numerically lower in OST than in non-OST/DU and non-OST/NDU patients (data not shown).
Discussion
We recently confirmed the safety and effectiveness of novel interferon-free antiviral therapy in OST patients and former drug users in a large real-world cohort, 12 which is in line with two other recent reports of Mason et al 18 and Norton et al 19 and a large meta-analysis. 20 Of note and importantly, we here report that these results were reproducible in the subset of patients with reported data on alcohol and cannabis consumption. 
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Due to the high treatment success of modern DAA regimens, a higher LTFU after EOT in PWID on OST in our cohort might be of less concern. Nevertheless, HCV testing, linkage to care and treatment uptake, has to be enhanced to decrease HCV incidence and prevalence in PWID and other patient groups. 5 Integrated models of care in multidisciplinary teams adapted to PWID in private practices, clinics and prisons accompanied by needle syringe programs and harm reduction programs are successful 21, 22 but not available throughout the countries. To engage more specialists or general practitioners in DAA therapy for PWID, detailed description of this patient group under DAA therapy in a real-world setting might help to overcome prejudices and lower the barrier to initiate DAA treatment.
Cannabis use has been shown to be more prevalent in PWID on OST compared with other patient groups and the general population, 14, 15 as it was found in the DHC-R, respectively. Cannabis use is associated with psychiatric illnesses like mood disorders, anxiety, and psychosis. 16, 17 However, cannabis consumption did not influence SVR in ITT or PP analysis in our study. Beside concerns of a health risk, cannabis use should not lead to restraints with respect to antiviral treatment initiation. In our study, alcohol consumption was more prevalent in OST compared with non-OST/DU and non-OST/NDU. This is a potential concern as ethanol and hepatitis C may have additive effects in the pathogenesis of chronic liver disease. 23 In PP analysis OST, non-OST/DU and non-OST/NDU performed equally with regard to SVR 12/24 independent of alcohol consumption per se or amount of alcohol intake. Still, non-OST/NDU had a significant higher chance for SVR 12/24 compared with OST in the ITT analysis which was mainly due to a significant lower LTFU rate in patients without or with a moderate alcohol intake of less than 30 g/day (women) or 40 g/day (men). The difference in LTFU lost statistical significance in patients with alcohol consumption of more than 30 g/day or 40 g/day in non-OST/NDU. These data highlight that initiating DAA therapy in alcohol consuming patients will remain an individual decision. Our data might support a strategy to lower the barrier for treatment uptake.
There are some obvious limitations of our observational study, even if prospective data have been collected. In the DHC-R, documentation of data on concomitant use of illegal drugs was scarce at the time of analysis. Unfortunately, the database lacks information on the previous duration of OST as well as data on directly observed OST. In addition, former drug use may be under-reported which may have biased the non-OST/NDU group. Rates of re-infection, still a concern especially in PWID and HCV/HIV co-infected patients, could not be reported. The role of active drug abuse could not be investigated due to the low number of patients actively consuming drugs (overall proportion <3%).
On the other hand, we have to highlight that the registry is representative for all approved DAA combinations during 2014-2015 in Germany as about 30% of all HCV therapies performed during that period were documented. Importantly, about 50% of participating centers did document both OST and non-OST patients.
This large real-world cohort of patients substantiates the effectiveness of DAAs in patients with alcohol and cannabis consumption receiving opioid substitution therapy. Our data support the finding that OST is a strong basis for the initiation of HCV therapy. 24 Thus, as many patients as possible should receive antiviral treatment.
